Resident stingless honey-bees in the Udzungwa area were investigated for a period of 1 year. Specimens of stingless honey-bees were captured on flowers and on natural nest entrances. Six local stingless honey-bee species, namely Dactylurina schmidti, Plebeina hildebrandti, Axestotrigona erythra, Meliponula ogouensis, M. lendliana and M. ferruginea, were found in the area, all of which are known to the local people. Honey productivity per colony in experimental hives varied according to species: M. ogouensis average 3.2 L, M. lendliana average 2.7 L, D. schmidti average 1.6 L and P. hildebrandti average 0.6 L. These findings indicate good potential for beekeeping in the lower altitude area at the foot of the Udzungwa Mountains, where the stingless honey-bee species diversity is greatest. The article discusses some options for intensification of management of the bee resources while maintaining natural biodiversity in the area.
Introduction
The stingless honey-bee has a long history of discovery and description by naturalists and scholars during early explorations of tropical regions of the world (Crane 1999 ), but they remain largely under-utilised by man (Kajobe and Roubik 2006) . There are several general accounts of stingless honey-bees (Michener 2000; Byarugaba 2004; Eardley 2004; Cortopassi-Laurino et al. 2006 ; Kajobe and Roubik 2006) . At present, it is estimated that the number of known stingless honey-bee species in the world is 50 times more that of Apis species (Roubik 2006) . With the exception of the neotropics, especially Latin America, where domestication of stingless honey-bees is common, the rest of the tropics, particularly Africa, have not been able to effectively harness the products of these bees because of a lack of basic knowledge of their biology and behaviour. Keeping of stingless honey-bees is known as meliponiculture, and in tropical Africa it is found only in a very few countries. In Tanzania, for instance, meliponiculture could be undertaken countrywide but at present it is limited to forested areas on Mount Kilimanjaro and Meru. Even where meliponiculture is practiced, as in Costa Rica (Sommeijer 1999 ), very few people in Tanzania have sufficient knowledge to practice it in such a way that the benefits accrued from stingless beekeeping exceed the cost of investment in the enterprise. Although there is a great demand for honey produced by stingless honey-bees, not many people are aware of how to keep these bees or even the many benefits such as crop pollination and conservation of biodiversity that can be provided from good management of the required bee resources. Stingless honey-bees are eusocial insects and form colonies consisting of a *Corresponding author. Email: manjau@udsm.ac.tz queen, several drones and many workers, which are nonreproductive females (Van Veen et al. 2004 ). The colony size ranges from a few individuals to thousands of colony mates. In Africa, where a group of stingless honey-bees is considered to have originated (Roubik 1992) , they are found mainly in warmer tropical areas where temperature and humidity are conducive for their development throughout the year. It is estimated that in Africa, there are 32 stingless honey-bee species, and out of these 19 species in six genera (Eardley 2004 ) have been identified from specimens collected mainly from forested areas, of which more than half of the species have been collected from Tanzania. Stingless honey-bees are not only important pollinators of flowering plants but are also producers of honey, which has some medicinal value (Byarugaba 2004) . The benefits accrued from using honey from stingless bees have led communities to accord them recognition, especially in terms of aspects of their biology, such as nest construction patterns.
Nest construction characteristics, location and architecture are unique to each species and can augment stingless honey-bee species identification (Wille 1983; Roubik 2006) . Species of stingless honey-bee sometimes have local names based on various aspects of their biology, such as size, appearance of colony entrances and behaviour (Byarugaba 2004) . Local names have shortcomings and are not reliable across the wider scientific community because of language differences. The taxonomy of stingless honeybee species, especially in Africa, is currently under revision and there are still several synonyms that have not been fully resolved. At present, there are two major honey-bee classification schemes (Moure 1971; Michener 2000) , and there have been efforts to reclassify stingless honey-bees using both classical and molecular techniques (Eardley 2004; Rasmussen and Cameron 2007) . It is now possible to clearly identify the species of stingless honey-bee and this will be useful for purposes of documentation and domestication.
Domestication of stingless bees for their honey is not commonly practiced in Tanzania, even though their honey is highly valued. As in other tropical countries where there are stingless bees, in Tanzania it has not been possible to keep them in ways that would be economically attractive to the beekeepers. Most honey from stingless bees in Tanzania is obtained from natural nests, in which extraction procedures are destructive of both the nest and the host tree. Domestication of stingless honey-bees in the form of meliponiculture as a strategy for conservation of biodiversity would help minimise and eradicate this problem. The present study was undertaken with the objective of documenting the species of stingless honey-bee in Udzungwa Mountain National Park and its surrounding area, and assessing their potential for domestication in the form of meliponiculture. The presence of stingless bees and the capacity to collect and store honey in the quantities observed in other places would stimulate development of beekeeping by the local community, an effort which, if realised, would form an important strategy for long-term effective management of the biodiversity of the Udzungwa area and other similar ecosystems.
Materials and methods

Study area
The study was carried out in Udzungwa Mountains National Park and neighbouring areas used by small-scale farmers growing cereals like maize and rice, as well as legumes. The park lies at 7
• 38 S, 36
• 41 E and occupies two regions (Iringa and Morogoro) of Tanzania. A total area of 600 ha, representing the various types of habitat in Udzungwa and comprising three zones delineated as core (within the park with restricted access to resource utilisation), buffer (with limited resource utilisation) and transition (with unrestricted resource utilisation) were selected for sampling and placement of experimental hives. The delineation of zones was similar to that used for biosphere reserves (UNESCO MAB, Man and the Biosphere Seville strategy for biosphere reserves) and we used it because it was deemed appropriate for this study. The sampling sites were located in the core (7
• 47 31.5 S, 36
• 54 11.3 E), buffer (7 • 51 57.9 S, 36
• 55 7.1 E) and transition (7 • 45.2 7 S, 36
• 52 53.7 E) zones. Each zone was divided into two study sites, each measuring 100 ha, and 60 ha of each were used for in-depth study. The sites were located on areas with contrasting altitudes, one highland and the other lowland. The whole area at the foot of the mountain and below the 300 m a.s.l. contour was regarded as lowlands, while the area above this was regarded as the highland area. The methods used were as detailed previously (Njau et al. 2009 ).
Survey of stingless honey-bees
Every study site was subdivided into 100 subplots, each measuring 1 ha. Sixty of the subplots per site were randomly selected for intensive searches for natural nests. The search was systematically conducted with the help of six skilled field assistants who also provided the vernacular names and behaviour of the bees found. The assistants were ex-primary school leavers who had completed 7 years of formal education and belonged to local beekeeping groups. They had a thorough knowledge of the study area as well as of the local stingless bee fauna. Searching for stingless bee nests was from tree to tree in each of the 1-ha subplots; 4 ha were searched per day. The procedure was repeated in the wet and the dry seasons. Searching for stingless honey-bees involved thorough inspection of tree trunks for indicators of colonies such as nest entrance tubes. Nests observed in the upper parts of trees were viewed through binoculars at a magnification of 8 × 40 mm. Any nest found, as well as the host tree species, was recorded. Also recorded were the tree diameter at breast height (dbh) and altitude in meters above sea level. Nests encountered in termite mounds and walls of houses during searching were also recorded.
Identification of stingless honey-bee species
Stingless honey-bees from each study site were collected from flowers using a sweep net, and also from natural nests, where they were collected at nest entrances using forceps. The specimens were preserved in 70% ethanol and then taken to the laboratory for identification. Specimens were identified using the key for stingless honey-bee species developed by Eardley (2004) .
Characteristics of colonies, their behaviours and tree hosts
Characteristics of the natural nests, as described by Michener (1974) and Wille (1979) , were also used to help identify the species occurring in the area. The nests were partially opened and their internal structure examined. The behaviour of the bees when their nests were approached was noted.
Productivity of selected stingless honey-bee species
Larger-bodied stingless honey-bees in the area belonging to the genera Meliponula, Dactylurina and Plebeina were studied for honey productivity of hives. Two resident species of Meliponula and one each from the other genera were used. Twenty experimental nune boxes, designed and constructed based on those used by Nogueira-Neto (1970) , per site were hoisted on randomly selected trees at 2 m from the ground for studying hive occupancy and honey production. In total, there were 120 hives per each species. Transferring of bee colonies from natural logs to hives was undertaken 3 months after collection. Assessment of the hives was done monthly, and the occupancy determined using the expression:
where HO is hive occupancy, O is the number of occupied hives and E is the number of empty hives. Average honey production per hive was determined base on five nune box hives per species per hectare in the study area. Honey was harvested by tilting the boxes, removing the end disc, piercing the honey pots and collecting the flow into a vessel. The volume of the honey was determined using a measuring cylinder.
Results
Stingless honey-bee species of Udzungwa
There were six distinct species in the Udzungwa area ( The direction of the entrances was predominantly east (45%), but some also faced south (24%), west (16%) and north (16%). Natural nests of stingless honey-bees were found in host trees in the core, buffer and transitional zones (Table 2 ). In all, 43,200 trees with a dbh ≥ 20 cm were searched, and trees occupied by stingless honeybees had a dbh ranging from 46.66 to 450 cm; only P. hildebrandti nested on a tree species more than once. More than one nest of P. hildebrandti was observed on K. aethiopum. The dbh is important in terms of hosting, and the mean dbh of trees hosting natural nests of different stingless honey-bee species was significantly different (KW = 70.315, p < 0.0001, n = 135), with bigger trees proportionally contributing to a higher number amongst the hosts (χ 2 = 29.08, p < 0.0001, n = 135). Each stingless honey-bee species had an observed minimum tree diameter requirement for nesting, but no maximum tree diameter. Trees of these sizes were almost depleted in the transitional (farmlands) and buffer zones of Udzungwa, and thus stingless beekeeping in these zones required hoisting hives into trees. The number of colonies of stingless honey-bee in the study area ranged from 0.20 ha -1 to 0.43 ha -1 for M. ogouensis, 0.20-0.25 ha -1 for M. lendliana, 0.22-0.60 ha -1 for P. hildebrandti and 0.5-0.25 ha -1 for D. schmidti. There was high nest density in highland areas relative to lowland areas during both dry and wet seasons and such numbers indicate that the area is suitable for meliponiculture.
The density (nests per hectare) of natural stingless honey-bee nests is shown in Tables 2 and 3. It was found that the number of nests in the dry season was higher in the highland sites than in the lowland sites for most of the species. D. schmidti had a higher number of nests in the highlands than in the lowlands during the wet season. Also, this species had a higher number of nests in lowland than in highland areas during the dry season. The number of nests per hectare of M. ogouensis, M. lendliana and P. hildebrandti was higher in highland than in lowland areas, both during the wet and the dry seasons (Table 3) . The amount of honey produced by various species of stingless honey-bee in the Udzungwa area varied with respect to species ( Table 4 ). The amount of honey produced by M. ogouensis was higher than that of M. lendliana, and D. schmidti produced less honey than M. lendliana but more than P. hildebrandti. Honey production among the four species in the Udzungwa area was differed significantly between species (Fr = 314.70; p < 0.0001, n = 120). However, honey produced in the lowlands by all species showed no significant difference among sites (Fr = 157; p > 0.05, n = 240). When production at different zones was analysed, there was no significant difference among the species.
Productivity of selected stingless honey-bee species
Discussion and conclusions
Distribution of stingless honey-bee species of Udzungwa
The local people of Udzungwa recognised six different stingless honey-bee species. It is not surprising that the local people have quite substantial indigenous knowledge Table 4 . Honey production (litres per hive) by stingless honey-bees of Udzungwa.
Species
Volume in L (mean ± SD) n = 120
Meliponula ogouensis
3.2 ± 0.72 M. lendliana 2.7 ± 0.04 Dactylurina schmidti 1.9 ± 0.49 Plebeina hildebrandti 0.6 ± 0.19 about stingless bees nesting in their local forests, as also found in other studies (Byarugaba 2004 ; dos Santos and Antonini 2008) because they collect honey from the bees. At present, stingless honey-bee species collected from different places in Tanzania (Figure 1) (Eardley 2004 ). The number of colonies per hectare for each of the four more productive species in the Udzungwa area in different seasons differed and the difference observed in the first and second half of the year could indicate a process of swarming. It would be of great interest to undertake studies on swarming in stingless honey-bees, particularly in relation to colonisation of suitable cavities. There are forests patches in Udzungwa under local community management where apiaries and meliponiaries have been established by local beekeeping groups. These forests should be used for education and creation of awareness on the need to manage the resources in these areas more sustainably.
Characteristics of colonies, behaviours and tree hosts
Stingless honey-bee colony characteristics and bee behaviours, such as location of nesting, are useful in species characterisation and may be useful in identification; for example, construction of colonies on tree branches at great heights above the ground for D. schmidti. The behaviour of nest-building on tree branches has also been observed in Trigona dallatorea in Brazil (Michener 1974) . M. ogouensis nested in cavities close to the ground or even in vacated or live nests of termites and ants. M. lendliana nested in tree cavities located slightly higher but not on the ground. Nesting in subterranean areas observed in transitional areas in Udzungwa was related to the absence of suitable nesting tree cavities, due to severe deforestation by the local communities. The variations in nesting locations of the various species constitute a strategy to avoid interspecific competition, as well as a strategy for protection, as was the case with D. schmidti, which constructed nests on tree branches at great heights. Occasionally two or more nests of the same species shared a cavity, raising the question of tolerance among members of different colonies. It is also not clear what were the reasons for nest stratification, but for stingless honey-bees, defence and diversification of resource utilisation could be important strategies for survival. A very small proportions of trees was used for nesting, only 13 out of 600 local tree species hosted stingless honey-bee colonies. This is possibly because stingless honey-bees tend to use larger trees for nesting, and there are very few such trees. In Udzungwa, stingless honeybees use live trees with cavities, which are naturally less susceptible to destruction by decomposers such as termites. Considering the fact that the primary functions of a nest are for protection, brood rearing and food storage (Michener 1974) , it is of significance that stingless honey-bees would find it beneficial to utilise the suitable cavities that provide the required environment.
Productivity of selected stingless honey-bee species
Hive occupancy of stingless honey-bees varied with season, and this could be related to variation in humidity, where high air moisture content caused the bees to abscond. For example, there was low occupancy during the wet season from February to April. Hive occupancy of D. schmidti decreased to zero between August and October during the hot dry season, presumably due to high temperatures. High occupancy registered between May and October for M. ogouensis and M. lendliana was probably due to swarming, resulting from colony disturbances by honey hunters. In general, the number of experimental hives occupied by colonies of stingless honey-bee stabilised for a period of only 3 months and decreased progressively thereafter due to poor insulation. Large-bodied species of stingless honey-bee such as the M. ogouensis and M. lendliana produced more honey relative to smallbodied species such as P. hildebrandti. Such productivity could be attributed to the capacity of such species to collect and store honey. There was higher honey production in the buffer zone than in either the core or transition zone due to a higher number of colonies and higher occupancy. Honey pots were found in clusters segregated from brood chambers and pollen. The quantity of honey produced per colony of stingless honey-bee in the study area was high enough to make meliponiculture using nune boxes viable. In northern Tanzania, especially in Kilimanjaro, log hives are used for stingless honey-beekeeping, but there is a need to design modern box hives for beekeeping of stingless bees in the Udzungwa area.
The amount of honey stored in the colonies varied enormously among species, with some such as M. ogouensis and M. lendliana storing as much as 3 L per colony per year. Other species like D. schmidti and P. hildebrandti . When compared to honey production by the stinging honey-bees, which is usually over 20 L, the small amount of honey stored by stingless bees may not be very attractive to potential beekeepers. Only some stingless honey-bee species store honey in quantities that could be harvested by humans. However, in the Udzungwa area, local people do not usually keep stingless honey-bees but they hunt for honey, which is used for purposes of worship and medicine. It would be of much benefit to introduce meliponiculture into the Udzungwa area for human needs and as a viable additional income-generating activity. This will inevitably increase awareness of the importance of conservation of the local forests and the Udzungwa ecosystem for local human communities around the game park. Interestingly, it was found that stingless honey-bee diversity declined with altitude. Whereas all species could be found in the lowaltitude area at the foot of the mountains, only one species was found on the slopes at high altitude (1500 m a.s.l.). No wonder the occurrence of stingless honey-bees is confined to the warmer tropical regions of the world. In Africa, stingless honey-bees occur mostly within the tropics (Eardley 2004) .
Hunting for honey from stingless bees is currently done through cutting down of host trees. This practice affects the biodiversity of the area in many ways, such as a vast loss of genes of the fauna and flora, bees and their associated species, and destruction of the bee's habitat through setting fire to farm fields as a method of clearing them for cultivation. Deforestation and use of fire lead to soil erosion and other changes to the habitat. Local communities occupy the lower altitude area. In this area, there are presently small community forests that are managed by these communities. Such forests provide additional habitats and resources for the bee fauna. The owners of these forests should be provided with more awareness of the importance of their forests and be encouraged to plant tree species with flowers that are rich in nectar and pollen for the bees.
Ownership of community forests offers the opportunity to acquire knowledge of the biodiversity of the area. There should be a systematic method for studying the species composition of these forests and to find out ways of increasing such bee species. Information should also be collected on the various threats to the survival of the biodiversity and management procedures should be instituted for wise use of the resources in a manner that will be sustainable and beneficial to all stakeholders, and especially the local community itself. We therefore recommend the development of eco-villages in these and similar areas in order to achieve good management of the resident biodiversity.
